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Introduction
Worldwide, there are approximately two billion people with serological evidence of hepatitis B virus (HBV) exposure, and of these, more than 350 million are chronic carriers. These chronically infected individuals are at high risk of liver cirrhosis and hepatocellular carcinoma, mainly in the developing world, such as sub-Saharan Africa where the prevalence of HBV carriers exceeds 8%. HBV infection is commonly diagnosed by the presence of hepatitis B antigen (HBsAg), which indicates acute or chronic infection. Antibodies to the hepatitis B core antigen (anti-HBc), another marker for HBV infection, appear in the acute phase of infection and persist for an indefinite time after virus clearance. The presence of antibodies against HBsAg (anti-HBs) is a marker of recovery and immunity. Anti-HBs coexisting with anti-HBc usually indicates a previous HBV infection, and anti-HBs as the only marker indicates immunity through the hepatitis B vaccination 1 .
The hepatitis B vaccination is the most effective strategy to prevent HBV infection. Safe and effective vaccines against HBV infection have been available since 1982. In 1991, the World Health Organization recommended that the hepatitis B vaccination should be adopted by national immunization programs in all countries 1 . Brazil included the hepatitis B vaccine into childhood immunization schemes in 1998. Additionally, healthcare workers and other groups with risk factors for acquiring HBV infection have been vaccinated 2 . More recently, HBV vaccination has been recommended and offered free of charge to all individuals under the age of 20.
The Brazilian population is largely made up of mixed European, African and Amerindian decent. African individuals were introduced to Brazil by slave traders. Some of them escaped from gold mines or farms, settling in remote valleys to escape their masters. These runawayslave descendants stayed in communities, called quilombos. Nowadays, there are more than 700 small villages (although less than 50 have been officially granted their land so far) whose history and tradition allows them to be identified as Remaining Quilombos. In a previous investigation, we found a high prevalence of HBV infection markers in some quilombo communities in Central Brazil (reaching 42.4% and 7.4% for antiHBc and HBsAg, respectively, in the Furnas dos Dionísios community) and a low rate of hepatitis B vaccination (9.1%). In addition, family history of hepatitis and sexual activity besides increased age were statistically associated with HBV infection in that population 3 .
Those data strongly encouraged hepatitis B vaccination in remaining quilombo communities in Central Brazil. Initially, we conducted an informative education program regarding hepatitis B and its prevention emphasizing the importance of hepatitis B vaccination in eight communities, and in February 2003, with the support of the Public Health authorities of the State of Mato Grosso do Sul, we started a vaccination campaign against hepatitis B in these communities, which provided a singular opportunity to evaluate the compliance with and the response to the recombinant HBV vaccine in these remaining quilombo communities.
Material and methods

Study population
A total of 708 individuals, who were previously identified as susceptible to HBV infection (defined as serological negative for HBsAg, antiHBc, and anti-HBs markers) were invited to participate in the hepatitis B vaccination program in eight quilombo remnant communities in the State of Mato Grosso do Sul, Central Brazil. Seven communities under study were in rural areas: Furnas dos Dionísios (n = 156), Jaraguari county; Furnas da Boa Sorte (n = 121), Corguinho county; Malaquias (n = 74), Camapuã county; Jerônimos (n = 61), Terenos county; São Miguel (n = 45), Maracaju county; Furnas dos Baianos (n = 36), Aquidauana county and Quintinos (n = 27), Pedro Gomes county. Subjects from these rural areas did not have adequate environmental sanitation facilities like sewage systems or tap water. The average household had 4.7 members, living in a very simple house with 3 or 4 rooms, which generally included at least one bedroom. They lived simply on subsistence agriculture or cattle-raising. The urban community, called São Benedito (n = 188), is located in the periphery of Campo Grande city, where sanitation conditions are still poor. Figure 1 shows the geographical location of these communities.
The protocol used in this present study was approved by the Ethical Committee of the Federal University of Mato Grosso do Sul. Informed consent was obtained from all participants. The studied population ranged in age from 2 to 95 years (mean age of 24.8), with 45% male subjects and 55% female. All reported a family income lower or equal to US$ 100 per month, and the majority (60.1%) was illiterate.
HBV vaccination and anti-HBs quantification
Among those who received the three doses (20µg for adults and 10µg for children at intervals of 0,1 and 6 months) of the hepatitis B vaccine (Engerix B, GlaxoSmithKline Biologicals, Rixensart, Belgium), blood samples were collected around 45 days after the last vaccine dose. Quantitative anti-HBs antibody was determined by automatic analysis using the Microparticle Immunoenzymatic Test AxSYM Ausab (Abbott, Germany). Samples with anti-HBs > 1000mIU/ mL were diluted 1:10 and re-tested. Seroprotection was defined as concentration of anti-HBs equal to or higher than 10mIU/ml. Individuals were classified as non-responders (anti-HBs less than 10mIU/mL), low-responders (anti-HBs: 10-100mIU/mL), and high-responders (anti-HBs more than 100mIU/mL).
Data analysis
Seroprotection rates and 95% confidence intervals (95%CI) were calculated. Chi-square or Fisher's exact test were used to evaluate the association between non-response to the hepatitis B vaccine and socio-demographic characteristics. The estimated odds ratio (OR) in univariate analysis was analyzed subsequently by multiple logistic regression to identify possible confounders. Statistical significance was assessed at the 0.05 probability level in all analyses. The geometric mean titer (GMT) of anti-HBs was calculated with 95%CI. Statistical evaluations were per-formed using SPSS version 11.0 (SPSS Inc., Chicago, USA).
Results
Of 708 individuals, 567 (80%), 411 (58%) and 198 (28%) complied with the first, second and third doses of the hepatitis B vaccination, respectively. Among those that received the full scheme, 148 (74.7%) agreed to test for anti-HBs. There was no statistical difference between these groups regarding their socio-demographic characteristics (p > 0.05). 123 (83.1%; 95%CI: 75.9-88.6) responded to the HBV vaccine: 88 (59.5%) as highresponders and 35 (23.6%) as low-responders. Also, a GMT of 512mIU/mL (95%CI: 342.5-765.3) was found. In order to identify socio-demographic factors associated with non-response to HBV vaccination, univariate and multivariate analyses were carried out. Two variables were independently associated with non-response in the studied population: male sex (Adjusted OR = 2.6; 95%CI: 1.1-6.8) and age ≥ 40 years (Adjusted OR = 3.7; 95%CI: 1.4-9.7). Other factors such as alcohol drinking and smoking were more frequently found in non-responders when compared with those that responded to hepatitis B vaccine, but differences were not statistically significant.
Discussion
In this investigation, the hepatitis B vaccine was offered to all susceptible individuals in 8 remaining quilombo communities in Central Brazil after an education program to promote the health benefits of the vaccination. Although the majority complied with the first vaccine dose, only half of them did so with the second dose, and one-third with the full scheme. This situation has been observed in other groups, emphasizing the necessity for alternative hepatitis B vaccine schemes to maximize compliance. Indeed, in adolescents, a 2-dose regimen has been proposed when compliance with the HBV vaccine is poor 4 . Therefore, at least regarding adolescents in remaining quilombo communities, this regimen could be desirable since a low compliance (50%) with the full scheme of HBV immunization was observed in individuals under the age of 20.
Anti-HBs titers greater than 10mIU/mL were detected in 83.1% of the vaccinated subjects and a GMT of 512mIU/mL was obtained, which were lower than those rates reported using recombinant vaccines 5 . On the other hand, non-response was associated with male sex and older age, confirming previous reports which have identified them as predictor variables of non-response to hepatitis B vaccine 5 . In fact, in individuals aged ≥ 40 years (42/148), only 66.7% responded to the hepatitis B vaccine (GMT = 90.5mIU/mL; 95%CI: 44.9-182.2). Of these, the majority was low-responders. In contrast, 90% of individuals under the age of 40 (11/106) achieved seroprotective levels of anti-HBs (GMT = 859.2mIU/mL; 95%CI: 556.4-1,332.6). Among them, 80% were high-responders.
In conclusion, the present findings emphasize the urgent need for additional health education programs and alternative hepatitis B vaccine schedules to improve the vaccination coverage in quilombo remnant communities, a reservoir of HBV in Central Brazil, an area considered to be of low hepatitis B endemicity. 
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